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NOVEL 13-SECRETASE AND MODULATION OF f3-SECRETASE ACTIVmr 

Field o1 the ImfBmion 

The present invention concerns a novel p'Ucretase, b method of partially purifyino this novel (3- 
secretase, and its use in assays to screen for potential drug candidates against Alzheimer's disease and other 
neurological diseases. 

Descriotron of the Related Art 

A number of important neurological diseases, including Alzheimer's disease (AD), cerebral amyloid 
angiopathy (CAA), and prion-mediated diseases are characterized by the deposition of aggregated proteins, referred to 
amyloid, in the central nervous system (CNS) (for reviews, see Glenner at a/., J. Neurof. Sd 94:1-26 [1989]; Haan et 
al., Cim. Nauro!. Nearosurg. 92(4h3D5-31 0 [1 990]}. These highly insoluble aggregates are composed of nonbranching, 
fibrillar proteins with the common characteristic of p-pleated sheet conformation. In the CNS, amyloid can be present 
in cerebral and meningeal blood vessels {cerebrovascular deposits) and in the brain parenchyma (plaques). 
Neuropathological studies in human and animal models indicate that cells proxonal to amyloid deposits are disturbed in 
their nomial functions (Mandybur, Acta Nempathoi 78:329-331 [19891; Kawai et ai^ Bfsm Ras. 623:142-146 
119931; Martin et ai.. Am. J. Pathol. 145:1348-1381 [19941; Kataria at at Naroraport 6:477480 [19951* Masliah at 
al., J. NeuroscL 16:5795-5811 [1996]; Selkoe. J. Bioi Cham, 271:18295-18298 [19961; Hardy, Trends Afamsa 
20:154-159 [1997D. 

AD and CAA share biochemical and neuropathological markers, but differ somewhat in the extent and 
location of amyloid deposits as well as in the symptoms exhibited by affected individuals. The neurodegenerative 
process of AD. the most common neurodegenerathre disorder worldwide, is characterized by the progresshre and 
irreversibie deafferentation of the limbic system, association neocortex, and basal forebratn accompanied by neuritic 
plaque and tangle formation [for a review, see Terry et at 'Structural alteration in Alzheimer's disease," In: 
Alzheimer's disease, Terry et ai. Eds., 1994, pp. 179-196, Raven Press, New York). Dystrophic neurites, as well as 
reactive astocytes and miaoglia, are associated with these amyloid-associated neuritic plaques. Although the neuritic 
population in any given plaqirn is mixed, the plaques genaralty are composed of spherical neurites that contain 
synaptic proteins, APP (type I], and fusiform neurites containing cytoskeletal proteins and paired helical filaments 
(PHF;typeII). 

CAA patients display various vascular syndromes, of which the most documented is cerebral 

parenchymal hemorrhage. Cerebral parenchymal hemorrhage is the result of extensive amyloid deposition within 

cerebral vessels (Hardy. TrmdsAfaurosd 20:}S^ }SB (19971; HsmataL Clin. NeumI, Neurasurg. 92:305-310 119901; 

Terry er at, supra: Vinters, Stroke 18:211-224 [19871; Itoh */fli, J. Naurosurgtca! Sci. 116:135-141 [1993L* Yamada 

ataLJ. Naurd. Naruosurg. Psycttiatry 56:543-547 [19931; Greenberg etal^ ^fifltajtoj/ 43:2073-2079 [1993); Uvy at 
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sL Science 248:1124-1126 I1990D. In some familial CAA cases, dementia was nned before the onset of 
hemorrhages, suggesting the possibility that cerebrovascular amyloid deposits may also interfere with cognitive 
functions. 

Both AD and CAA are characterized by the accumulation of senile plaques in the brains of the affected 
individuals. The main amyloid components is the amyloid p protein (Ap), also referred to as amyloid p or p-amyloid 
peptide, derived from proteolytic processing of the p-amyioid precursor protein. p-APP or simply APP. For review in 
connection with AD see, Selkoe, O.J. Afature 399: A23-A31 (1999). Ap is produced by proteolytic ctsavage of an 
integral membrane proteia termed the p-amyloid precursor protein (pAPPI. 

The Ap peptide, which is generated from APP by two putative secretases, is present at tow levels in the 
normal CNS and blood. Two major variants, Api4i, and Apt42 are produced by alternative carboiy-terminal truncation 
of APP ISelkoe et al {1988) five. Natl. Acad, Sd. USA 85:7341-7345; Selkoe (1993) Tnnds ^fiunuo' 16:403^09). 
Api42 is lliB fibriltogenic and more abundant of the two peptides in amyloid deposits of both AD and CAA. In 
addition to the amyloid deposits in AD cases described above, most AD cases are also associated with amyloid 
deposition in the vascular walls (Hardy (1997), supra; Haan et aL (1990), suprr, Terry et al., suftrs^ Vinters (1987), 
suprs; ttoh, et el (1 993), supra; Yamada et aL (1993); supra; Greenberg et aL (1993), supra; levy et al (1 990), svpra). 
These vascular lesions are the hallmark of CAA, which can exist in the absence of AD. 

The precise mechanisms by which neuritic plaques are formed and the relationship of plaque formation to 
the AD-assoctated. and CAA-assodatad neurodegenerative processes are not well-definei However, evidence 
indicates that dysregulated expression and/or processing of APP gene products or derivathres of these gene products 
ere involved in the pathophysiological process leading to neurodegeneration and plaque formation. For example, 
missense mutations in APP are tightly linked to autosomal dominant fomts of AD (Hardy (1994) Clin. Gedatr. Mad. 
10:239-247; Mann et al (1992) Neurodegenaration 1:201-215). The role of APP in neurodegenerative diseases is 
further implicated by the observation that persons with Down's syndrome who carry an additional copy of the human 
APP (hAPP) gene on their third chromosome 21 show an overexpression of hAPP (Goodison et al. (1993) J. 
Neuropathoi Exp. Neurol. 52:192-198; Dyama, et al. (1994) J. Neurochem. 62:1062-1066) as well as a prominent 
tendency to develop AD-type pathology early in life (Wisniewski et al (1985)>4/vi. Naaroi 17:278-2821 Mutations in 
Ap are linked to CAA associated with hereditary cerebral hemorrhage with amyloidosis (Dutch KCHWA) (levy, et al 
(1990), supra), in which amyloid deposits preferentialiy occur in the cerebrovascular wall with some occurrence of 
diffuse plaques (Maat-Schieman et al. (1994) Acta Naumpathoi. 88:371-8; Wartendorff et al (1995) J. Neurol. 
Neurosurg. Fsychiatry 58:699-705). A number of hAPP point mutations that are tightly associated with the 
development of familial AD encode amino acid changes close to either side of the Ap peptide (for a review, see, e.g.. 
lannfett et al \\m\Biochem. Sot. Trans. 22:178179; Clark et al \mZ)Arch. Naurt^. 50:1164-11721 Rnally,«7 
fitro stuifies inificate that aggregated Ap can induce neurodegeneration (see, e.g., Pike et el (1995) J. Neurochem 
64:253-265). 



wo 00/69262 



PCT/US0Q/13C74 



APP is a glycosytatsd, single membrane-spanning protein eipressed in a wide variety of cells in many 
mammalian tissues. Examples of specific tsotypes of APP which are currently Icnown to exist rn humans btb the 695* 
antina acid polypeptide described by Kbrq at al. (1987/ Natun 325:733-736, which is designated as the 'normar 
APP. A 751 -amino acid polypeptide has been described by Ponte atai, {19B6} Nature 331:525-527 and Tanzi at aL 
(1 988) Nature 331:526-530. A 770-amtno acid tsotype of APP is described in Kitaguchi at al. (1988) Nature 331:530- 
532. A number of specific variants of APP have also been described having mutations which can differ in both position 
and pbenotype. A general review of such mutations is pivoted in Hardy (1992) Nature Genat. 1:233-235. A mutation 
of particular interest is designated the 'Swedish' mutation where the normal Lys-Met residues at positions 595 and 
596 are replaced by Asn-Leu. This mutation is located directly upstream of the nonnal p-secretase cleavage site of 
APP. which occurs between residues 596 and 597 of the 695 isotype. 

APP is post translationalfy processed by several proteolytic pathways resulting in the secretion of 
various fragments or intracellular fragmentation and degradation. F. Checter. J. Neuroehem. 65:1431-1444 (1995). 
The combined activity of P-secretase and y-secretase on APP releases an intact 3-amyloid peptide (A3), which is a 
major constituent of amyloid plaques. A(3 is an approximately 43 amino acid peptide which comprises residues 597- 
640 of the 695 amino add isotype of APP. Internal cleavage of A|3 by a a-secretase inhibits the r^ase of the full- 
length AP peptide. Although the extent of pathogenic involvement of the sacretases in AD progression is not fuOy 
elucidated, these proteolytic events are known to either promote or mhibit A{3 formattoa and thus are thought to be 
good therapeutic candidates for AD. 

There are at least two proteases involved in the generation of Ap, referred to es and r-secretases 
(Citrcwi eta/^ Naoroa 17:171-179 [1996]; Sauben ataf^ Nature 361:260-263 (1993L- Caiff/*/, Scwnce 259:514-516 
[19931; and Citron et aJ^ Neuron 14:661-670 [1995]). There have been imense efforts in recent yean to identify and 
characterize these enzymes. Recently Ove independent groups have reported cbning and characterization of genes 
corresponding to P-secretase (Vassar et aL Science 286: 735-741 [19991; Van et aL Nature 402: 533-537 [1999]; 
Sinha et a/^ Nature 402: 537-540 (1999t Hussain et aL Mol. Cell, Nemvsci. 14: 419427 [19991" Un et al Froe. 
Nat/. Acad. Sd. USA 97: 1456-1460 [2000]). The enzyme has been variously referred to as P-site APP-cleaving 
enzyme (6ACE). Aspartyl prQtaase-2 (Asp2), memapsin 2 or snnply as P-secretase. However, the deduced amino acid 
sequence of the polypeptida chain reported by all four groups is identical The cloned enzyme possesses many of the 
characteristics expected of an authentic p-sacretase. such as the presence of conserved aspartyl protease active site 
motif (OfSniG). 8 signal peptide, a transmembrane domain, ebtlity to act upon pAPP, enhanced cleavage of the 
Sweffish mutant of pAPP, and intracellular localization in Golgt. endoplasmic reticulum, endosome/lysosome 
compartmenu. Thus, it appears that the newly Identified enzyme represents an authentic |3-secretase. However, none 
of these reports rule out the possibility of additional enzymes having p-secretase activities. There have been 
speculations about the possible involvement of more than one enzyme entity in p-deavage of APP (e.g., Papasioitsis et 
al. Bhcbem. 33: 192-199 [1994t Koike et al. J. Bioctjam. 125: 235-242 119991* Brown et aL J. Neumchem. 66; 
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2436-2445 I1996L- ChevaOiar et al. Brsin Ra. 750: 11 19 119971). Eiperimenis with intact calls suggested that P- 
secretase has an acidic pH optimun (Haass maLJ, Bio/, Chem. 268: 3021 (19931; Knops et aL J. Biol. Ciwm. 270: 
2419 [1995]). Indeel the newly isolated and characterized P-sacretasa was found to have a pH opiimuni at 4.5 
(Vassal eraf^ Science 286: 73S-741 (1999]) or 5.0 (Sinha et sL Nature 402: 537-540 [1999D for its activitY. These 
characteristics are thought to be consistent with p-secratase activity in the endosomes/lysosomes where the pH is 
(ow. However. P-secretase is also known to functbn in the endoplasmic reticuhnn where the pH is nortral (around 
7.0), an environment not well suited for en enzyme having an acidic pH optimum. It is. therefore, possible that there 
are more than one p-secretasa enzymes involved in tha proteolytic cleavage of p-APP. 

The identification, isolation, purification, and characterization of all participants in the ^izymatic 
cleavage of P-APP would permit chemical modeling of a critical event in the pathology of Alzheimer's disease and 
would allow the screening of compounds to determine their ability to inhibit in nnt p-secratase acthrity. For these 
reasons, it would be desirable to isolate, done and characterize a P-secretase enzyme having a neutral pH preference. 
It would be also desirable to develop a method for the functional cloning of the genes encoding proteins or enzymes 
invohred in the proteolytic cleavage of P-APP. It would further be desirable to identify inhibitors of the P-APP 
processing leading to AP release, and in particular to identify molecules that preferentially inhibit the p-secretase 
acthrity having a neutral (pH 6.5-7.0) pH optimum, or the P-secretase activity having an acidic (around pH 4.5) pH 
optimum. 

Summary of the Invemion 

The present invention is based on the recognition that more than one distinct enzymatic activities, 
substantially differing in their physicochemical and biological properties, may be involved in p-deavaga of APP, a 
critical event in the generation of the AP peptide. Of particular significance is a distinct difference in pH optima of 
these P-secretase activities. While a recently reported p-secretase enzyme is optimally acthre at acidic pH (pH 4,5- 
5.5). the novel p-secretase enzyme identified herein has a neutral (pH 6.5-7.0} pH optimum. 

In one aspect, the present invention provides a method of identifying a compound characterized by an 
ability to alter p-secretase acthrity. The method comprises the steps of contacting a p-secretase enzyme having a pH 
optimum at about pH 6.5-7.0, and an estimated molecular weight of about 32-39 kOa as calculated from radiation 
inactivation analysis of HEIC293 cell membrane extracts, or about 20-26 kOa as calculated from radiation inacthration 
analysts of human brain samples, with a candidate compound; and monitoring the effect of the candidate compound on 
the activity of the P-secretase eozyme. 

In a specific embodimam. the p-secretase enzyme is contacted with the candidate compound in the 
presence of a P-amyioid precursor protein (AFP). APP preferably is the human 695.amino acid isotype. and may 
contain the so catted 'Swedish' mutation, located directly upstream of the normal p-secretase deavage site of APP. 
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The p-secretase enzyme used m the assay may be in isolated, immabtlized or cell bound form, and the assay b 
preferably is performed with a plurality of candidate compounds. 

tn a particular embodiment, the abiiity of a csniSdate compound to after p-secretase acthnty is monitored 
by determining the amount of an APP proteolytic product, such as pTfTF. 

In another specific embo&nent the p-secretase enzyme having a quasi-neutral pH preference ts 
contacted with the candidate compound(s) in the additional presence of a further p-secretase enzyme having a pH 
optimum at about pH 4.5-5.0 and an estimated molecular weight of about 50-60 IcDa as calculated from radiation 
inactivation analysis of HEK293 call membrane extracts or human brain samples. 

The assay is preferably used to identify inhibitors of P-secretase activity. A preferred group of such 
inhibitors preferentially inhibits the activity of the p-secretase enzyme having a pH optinnim at about pH 6.5-7.0. 

In another aspect the imrention concerns a method for identifying a compound characterized by an ability 
to after APP/p-secretase activity. The method comprises the steps of: contacting an APP/^secretasa mixture, 
isolated from membrenes obtained from cells expressing APP and a 3-secretase. with a candidate compound; and 
monitoring the effect of the candidate compound on p-secretasa acthrity, wherein tha APP/p-secratase mixture 
comprises a ^secretasa ooyme having a pH optimum at about pH 6.5-7.0. In a preferred embodimeat, tha ^secretase 
enzyme has an estimated molecular weight of about 32-39 kOa or 20-26 kOa in f{EK293 cell membrane extract and 
human brain samples, respectively, as calculated from radiation inactivation analysis. The method may be performed in 
the additional presence of a second P-secretase enzyme having b pH optimum at about 4.5-5, and an estimated 
molecular weight of about 50-60 kDa as calculated from radiation inactivation analysis of HEK293 cell membrane 
extrects or human brain samples. Also provided are inhibitors of p-secretase enzynn activity, identified by the 
aforementioned method, which, in a preferred embodiment, preferentially inhibit the activity of the first or the second 
p-secretase enzyme. 

In a particular embodiment, tha method involves monitoring the effect of a test compound on p-secretase 
activity fay determining levels of APP proteolytic products, particularly after removing the background levels of APP 
proteolytic products. The levels of APP proteolytic products can, for example, be determined using an antibody that 
recognizes a p-secretase-produced APP proteolytic product Thus, an antibody that selectively recognizes p-NTF, such 
as pAb AF-2Q. may be used for the purpose. In a variant of this method, the APP/p-secretase mixture is exposed, 
before addition of the test compound, to an agent that alters p-secretese activity or stabilizes the detectable p- 
secretase-produced Af*P proteolytic products. In a preferred embodiment the agent enhances the level of p-secretase 
activity. Soitabie agems inchide phospholipids, such as cardiotipin, L-a-phosphatidylserine or LKx-phosphatidyliiiositoL 

In yet another aspect the present invention provides a method of identifying a compound characterized 

by the ability to alter APP p-secretase acthrity. The method comprises the steps of: providing membranes from calls 

txpresstng APP and a P-secretase: removing background levels of APP p-secretase proteolytic products from the 

membranes; isolating APP/p-secretase mixtures from the membranes; contacting the APP/p-secretase mixtures with a 
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lest compound: and determining levels of APP ^secretase proteolytic products; wherein the APP/p-secretese mixture 
comprises a 3-secretase enzyme having a pH optimum at about pH 6.5-7.0, and the level of APP proteolytic products is 
indicative of the effect of the compound on in vivo p-seaetase activity. Inhibitors of (Vsecretase enzyme acthrity 
identified by the method are abo within the scope of the invention. In a preferred embodiment, the fVsecretase enzyme 
has an estimated molecular weight of about 32-39 kDa or 20-26 kDa in HEK293 ceD membrane extract and human 
brain samples, respectively, as calculated from radiation inactnation analysis. Optionally, the method is performed in 
the presence of a second f3-5ecretase enzyme having a pH optimum at about 4.5-5.0. In a preferred embodiment, the 
second p-secretase enzyme has an estimated molecular weight of about 50*60 kDa as calculated from radiation 
inactivation analysis of HEK293 cell membrane extracts or human brain samples. Also provided are inhibitors of p- 
secretase enzyme activity, identified by the aforementioned method, which in i preferred embod'mient preferentialty 
tnh&it the activity of the first or the second p-sacretase enzyme. 

The effect of the candidate compound may be determined, for example, relative to a control APP/p- 
secretase mixture which is not in contact with the compound. In a specific embodiment, the APP/p-secretase mixture 
is pretreated so as to alter, particularly to enhance, f3-secretase acthrity. A phospholipid such as cardio&pin, L-a- 
phosphatidylserine or L-a-phosphetidylinosrtol may, for example, be used for this purpose. 

In a differsnt aspect, the present invention provides a method for reducing p-amyloid plaque formation in 
a subject, comprising administering a compound determined to inhibit P-secretase activity by a method of the 
invention, in an amount sufficient to reduce in vivo APP P-secretase activity. Inhibition may result in decreased levels 
of N-terminat proteolysis of APP which is reflected in reduced release of p-amyloid peptide in brain tissue. In a 
preferred embodiment, the level of p-secretase activity is reduced to 30- 80% below normal, and/or the leval of p* 
amyloid release is reduced to 20-80% of normal. The compound may preferentially inhibit the activity of a P-secretase 
enzyme having a pH optimum at about pH 8.5-7.0 or a P-secretase enzyme having a pH optimum at about pH 4.5-5.0. 
tn a preferred embodiment the subject is e mammal, preferably a human particularly suffering from or predisposed to 
or prone to neurodegenerative disorders such as Alzheimer's disease or cerebral amyloid angiopathy. 

In a still further aspect, the present invention concerns an isolated 3-secretase enzyme having a pH 
optimum at about pH 6.5-7.0, and an estimated molecular weight of about 32-39 kDa as calculated from radiation 
inactivation analysis of KEK233 cell membrane extracts, or about 20-26 kDa as calculated from radiation inactivation 
analysis of human brain samples. 

In another aspeci the invention concerns an APPip-secretase mixture comprising a p-secretase enzyme 
having a pH optimum at about pH 6.5-7.0, and an estimated molecular weight of about 32-39 kDa or 20-26 kOa as 
calculated from raifiation inactivation analysis of HEK2S3 cell membrane extracts and human brain samples, 
respectively. The mixture may further comprise a p-secretase enzyme having a pH optimum at about pH 4.5-5.0 and an 
estimated molecular weight of about 50-60 kOa as calculated from rai&ation inactivation analysts of HEK293 cell 
membrane extracts or human brain samples. 
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Brief Description of the Drawfnos 

Figure 1 is B schematic diagram illustrating the method of detecting p-secretase acthrity using an ELiSA. 
Figure 2 is a graph showing inear response of endogenous P-secretase deavage proihict, pNTF, in the 

assay. 

Figure 3 shows endogenous p-secretase activity as a function of incubation time. 

Figure 4 illustrates the effect of cardioUpin and the inhibition of p-seaatase activity by the serine 
protease inhibitor. AEBSF (Peiabloc). Fig. 4A shows the differences in measured P-secretase activity, while Fig. 4B 
shows the percentage inhOiltion of p-secretase activity. 

Figure 5 shows chromatographic separation of the APP751sw substrate and the endogenous p-secretase 
activity on IMono Q column. 

Figure 6 shows pH profile of p-secretase activity in enzyme/substrate cQmplex |A) or in partially purified 
fraction obtained from mono Q column and reconstituted with APP (B). 

Rgure 7 shows elution profiles of p-secretase acthritias measured at pH 4.5 and 6.5. 

Figure 8 shows the effect of the addition of purified recombinant BACE or partially purified p-secretase 
(as described in Example 7) on p-secretase activity present in APP/p-secretase complex (as described in Example 6) 
monitored at pH 4.5 and pH 6.5. 

Figure 9 shows the effect of StatVal inhibitor on p-secretase activity monitored at pH 6.5 (A) or pH 4.5 

(Bl. 

Figure 1 0 shows the effect o1 StatVal inhibitor on p-secretase activity at pH 4.5 and pH 8.5. 

Figure 1 1 shows determination of molecular weight of a protein responsible for p-secretase activity at 
pH 4.0 (A) and at pH 7.0 (B) in HEK293 cell membrane extract by radiation inacthration analysis. 

Figure 12 shows determination of molecular weight of a protein responsibto for p-secretase activity at 
pH 7.0 (A) and at pH 4.0 (B) in human brain extract by radiation inactivation analysis. 

Detailed Description of Preferred Embodiments 

The present invention discloses a novel enymatic activity that prefers a quasi-neutral (pH 6.5-7.0) 
environmem for proteolysis of PAPP substrate. This activity wOl be shortly referred to as 'neutral" or "pH 6.5' p* 
secretase activrty. The present invention further discloses a method of partial purification of this novel p-sacretase 
activity, and its separation from the eariier reported p-secretase ecthrity that is optimally active at acidic pH (pH 4.5- 
5.5), also refen-ed to as 'acidic' or "pH 4.5' activity. 

The invention also discloses various ways of distinguishing between the two activitias. For example, 
insensitivity of the neutral P-secretase activity to StatVal inhibitor sets it apart from the acidic pH-dependent p- 
secretase that is inhibited by this compound. The data disclosed herein also show that addition of the purified 
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recombinant BACE only stimulates "pH 4.5" activity with no effect on 'pH 6.5* activitr. Conversely, the addition of 
paftiaOy purified novel neutral t'pH 6.5') activity only stimulates 'pH 6.5" activity but not 'pH 4.5' activitv. 

FinaQy, the data presented herein show that the estimated primary molacular mass of the protein 
responsible for the neutral p-secretase activity in human 293 cells is approximately 35.3 )(Da as determined by the 
irradiation inacthration approach. This is signiricantly different from the predlctnl primary (i.e. devoid of secondary 
post-transtational modifications) molecular weight of 51 kDa as reported for mature recombinant BACE [Vassar et al^ 
Science 286: 735-741 [1939]). It is also different from the mass of approximately 57.9 kDa as estimated for 
endogenous BACE using the same irradiation inactivation method. Similarly, a significant difference in the estimated 
molecular mass was observed, using the same experimental approach, between p-secretase activities differing in their 
pH optima in human brain derived samples. Thus the present invention discbses a distinct novel p-secretase acthrity. 

The assays of the present invention pave a way for screening of modulators, preferably inhibitors, of p- 
secretase activity and for the identification of potential drugs for Alzheimer's disease. Muhiple p-secretase activities 
may be involved in the processing of pAPP in order to generate p-Amyloid (Ap) peptide, the aggregation and 
extracellular deposition of which in the brain is a hallmark of Alzheimer's disease pathology. Therefore, any 
therapeutic strategy evohred to prevent or halt the deposition of these plaques in Alzheimer's patients should take into 
account the activities of various p-secretases. A novel protease with mzymatic characteristics of p-secretasa as 
disclosed herein provides yet another target for screening of compounds to identify potential drug candidates for the 
treatment or prevention of Alzheimer's disease and other neurodegenerative disorders. 

I. DEFINITIONS 

Before the present assays are described, it is to be understood that this invention is not limited to 
particular methodology described, as such may. of course, vary. It is also to be understood that the terminology used 
herein is for the purpose of describing particular embodiments only, and is not intended to be limiiing, since the scope 
of the present invention will be limited only by the appended claims. 

Unless defined otherwise, all technical and scientific temis used herein have the same meaning as 
commonly understood by one of ordinary skill in the art to which this invention pertains. Although any methods and 
materials similar or equivalent to those described herein can be used in the practice or testing of the present invention, 
the preferred methods and materials are now described. All publications memionBd herein are incorporated herein fay 
reference to disclose and describe the methods andJor materials in connection with which the publications are cited. 

The publications discussed herein are provided solely for their disclosure prior to the filing date of the 
present application. Nothing herein is to be construed as an admission that the present invention is not entitled to 
antedate such publication by virtue of prior invention. Further, the dates of pubbcatian provided may be different from 
the actual publication dates which may need to be independently confirmed. 
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As used herein, "p-amyloid precursor protBin' (APP or |MPP) refers to a potypepitde that is encoded by a 
gerte of the same name localized in humans on the long arm of chromosome 21 and that includes a p>amyloid protein 
region within its carboxyl region. 

The term 'P-amyloid protein' (Ap) as used herein refers to bD ^amyloid proteins tnchidtng approximately 
43 amino acid peptide which comprises residues 597-B40 of the 695 amino acid isotype of APP. ^amyloid proteins 
of the invention include any protein containing about 40 to about 44 amino acids which preferably comprises residues 
597-640 of the 695 amino acid isotype APP, A(^43 or APi^j (SeOcoB et aL. supral. Within this disclosure the tenn p> 
amyloid protein is intended to include the two major Ap variants refen^d to herein and the 55 amino add segments 
including amino acids 640-695 of the 695 amino acids isotype of APP. After this disclosure others will perhaps, 
discover other P>amyioid proteins and as such as intended to come within the scope of the present invention. 

The term "APP secretase/ 'secretase' and 'secretase actraity' as used interchaftgeably herein refers to 
any proteolytic enzyme and/or activity which results in the secretion of various fragments or intracatluiar 
fragmentation and degradation of APP. This includes a-secretase. p<secretase. y-secretase, and any similar but as of 
yet unidentified enzymes which cause the proteolysis of either APP or ApL 

The term 'p-secretase* and 'p-secretase activity* as used interchangeably herein refers to the enzyme 
or enzymes responsible for proteolysis of APP at the N-t^minal cleavage site of APP. which occurs between residues 
596 and 597 and at residues 605 and 606 of the 695 isotype of APP. 

The term 'APP/p-secretase mixture" as used herein refers to the isolated APP end |3-$ecretase as a 
complex and/or as a mixture of the two substances. 

The term 'Alzheimer's ifisease' (abbreviated herein as "AD*) as used herein refers to a comfition 
associated with formation of neuritic plaques comprising p-amyloid protein primarfly in the hippocampus and cerebral 
cortex, as well as impairment in both learning and memory. 'AO* as used herein is meant to encompass both AD as 
well as AD-type pathologies. 

The term 'AO-type pathology* as used herein refers to a combination of CNS alterations including, but 
not limited to, formation of neuritic plaques containing p-amyloid protein in the hippocampus and cerebral cortex. Such 
AD-type pathologies can inchide, but are not necessarily limited to, disorders associated with aberram expression 
and/or deposition of APP, overexpression of APP, expression of aberrant APP gene products, and other phenomena 
associated with AD. Exemplary AD-type pathologies include, but are not necessarily limited to, AD-type pathologies 
associated with Down's syndrome that is associated with overexpression of APP. 

The term 'phenomenon associated with Alzheimer's disease* as used herein refers to a structural, 
molecular, or functional event associated with AD, particularly such an event that is readily assessable in an animal 
model. Such events include, but are not limited to, amyioid deposition, neuropathological developments, learning and 
memory deficits, and other AD-assoctated characteristics. 
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The term "cerebral amyloid angiopathy' (abbreviated herein as CAA) as usol herein refers to a condition 
associated with formation of amyloid deposition within cerebral vessels which can be complicated fay cerriiral 
parenchymal hemorrhage. CAA is also associated with increased risic of stroke as well as development of cerebellar 
and subarachnoid hemorrhages (Vinters {}BB7\ Stroke 16:311-324: Haan et aL (1994) Dementa 5:210-213; ttoh, et 
aL (1993) J. Nmjrol. Set. 1 16:135414). CAA can also be associated with dementia prior to onset of hemorrhages. 
The vascular amyloid deposits associated with CAA can exist in the absence of AD. but are more frequently associated 
with AD. 

The term ^'phenomenon associated with cerebral amyloid angiopathy" as used herein refers to a 
molecular, structural, or functional event associated with CAA, perticutarly such an event that is readily assessable in 
an animal model Such events include, but are not limited to, amyloid deposition, cerebral parenchymal hemorrhage, 
and other CAA-assodated characteristics. 

The term '^-amyloid deposit' as used herein refers to a deposit in the brain composed of A|3 as well as 
other substances. 

By 'antibody' is meant an immunoglobulin protein which is capable of binifing an antigen. Antibody as 
used herein is meant to include the entire antibody as well as any ant&ody fragments fe.Q^ F{Ab\ Fab', Fab, Fv) 
capable of binding the epitope, antigen or antigenic fragment of interest. 

Antibodies of the invention are immunoreactive or immunospectfic for and therefore specifically and 
selecthreiy bind specific proteolytic products of the APP protein. Antibodies for each proteolytic product are preferably 
immunospecific - le., not substantially cross-reactive with other proteolytic products of APP. Although the terni 
"antibody" encompasses all types of antibodies both polyclonal and monoclonal antibodies, and produced using a 
peptide antigen. 

By "purified antibody" is meant one which is sufficiently free of other proteins, carbohydrates, and lipids 
with which it is naturally associated. Such an antibody 'preferentially binds* to a proteolytic APP protein product (or 
an antigenic fragment thereof), i.e., does not substantially recognize and bind to other antig&iically-unrelated 
molecules. A purified antibody of the invention is preferably immunoreactive with and immunospecific for a particular 
APP protein product le.g., pNTF) and more preferably will not react with other APP protein products. 

By "antigenic fragment' of an APP proteolytic product is meant a portion of such a protein which is 
capable of binding en antibody used in the assay of the invention. 

By 'binds specifically' is meant high avidity and/or high affinity binding of an antibody to a specific 

polypeptide, le., epitope of a APP protein product. Antibody binding to its epitope on this specific polypeptide is 

pref erabhf stronger than binding of the same antibody to any other epitope, particularly those which may be present in 

molecules in association with, or in the same sample, as the specific polypeptide of interest, e.g., binds more strongly 

to APP protein product than other epitopes so that by adjusting binding conditions the antibody binds almost 

uclusively to the APP protein product. Antibodies which bind specifically to a polypeptide of interest may be capable 

of binding other polypeptides at a weak, yet detectable, level le.g., 10% or less of the binding shown to the 
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polypeptide of interest!. Such weak fainifing. or background binding, is readily discernible from the specific antibody 
binding to the compound on polypeptide of interest e.g., by use of appropriate controls. In general, antibodies of the 
invention bind to a particular APP protein product with a binding affinity of 10' moles/liter m more, preferably 10' 
mote/liters or more. In general, an antibody with a binding affinity of 10* moles/liter or less is not useful in that it will 
not bind antigen at a detectable level using conventional methodology currently used. 

By "detectabty labeled antibody' or 'detectably labeled anti-PNTr is meant an antibody (or antibody 
fragment which retains binding specificity), having an attached detectable label. The detectable label is normally 
attached by chemical conjugation, but where the label is a polypeptide, it could alternatively be attached by genetic 
engineering techniques. Methods for production of detectably labeled proteins are well known in the art Detectable 
labels may be selected from a variety of such labels known in the art but normally are radioisotopes, fhtorophores. 
paramagnetic labels, enzymes (e.g.. horseradish peroitdasel or other moieties or compounds which either emit a 
detectable signal (e.g.. radioactivity, fluorescence, color) or emit a detectable signal after exposure of the label to its 
substrate. Various detectable label/substrtte pairs fe.g.. horseradish peroxidase/diaminobenzidine. avidin/streptavidin. 
luciferase/luciferin). methods for labeling antifaodbs, and methods for using labeled antibodies are weD known in the art 
(see. for example. Harlow and Lane. eds. {Antiboi/ies: A laboratory Msnuai {^2BB] Cold Spring Hartrar Laboratory 
Press. Cold Spring Harbor. HU 

The term 'compound' as used herein describes any molecule. e.g^ protein, naturally occurring 
substances, synthesized protein or small molecule pharmaceutical, with the capability of affecting secretase activity. 
Such compounds may be used to treat the molecular and clinical phenomena associated with amytoid associated 
disorders, and specifically AO. CAA and prion medicated disorder. 

By 'eff ecthra dose' or 'amount effective' is meant an administration of a compound sufficient to provide 
the desired physiological and/or psychological change. This will vary depending on the patient the disease and the 
treatment Tha dose may either be a therapeutic dose, in which case it should sufficiently alter levels of amyloid 
plaques in the subject to alleviate or ameliorate the symptoms of the disorder or condition, or e prophylactic dose, 
which should be sufficient to prevent accumulation of amyloid plaques to an undesirable level. The terms 'treatment' 
"treating' and the like are used herein to generally mean obtaining a desired pharmacologic and/or physiologic effect. 
Tha effect may be prophylactic in temis of completely or partially preventing a ifisease or symptom thereof and/or may 
be therapeutic in terms of a partial or complete cure for a disease and/or adverse effect attributable to the disease. 
Treatment' as used herein covers any treatment of a disease in a mammal, particularly a human, and includes: 

(a) preventing the disease from occurring in a subject which may be predisposed to tha disease 
but has not yet been diagnosed as having it 

(b) inhibiting the disease, i.e., arresting hs development: or 

(c) relieving the disease, i.e.. causing regression of the disease. 
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The thsrapsuttc agents that can be identified using the assay of the invention are particuJartv oseful in the treatment 
of any disease associated with the deposition of (Vamytoid, including AD. hereditary cerebral hemorrhage with 
amyloidosis, and prion-mediated disorders, end the Gke. 

The terms "neutral" and "pH 6.5' (Vsecretase activity are used interchangeably and refer to a 
polypeptide of about 32-39 kOa as determined by radiation inactivation analysis of HEK293 cell membrane extracts 
and 20-26 kDa as determined by relation inactivation analysis of human brain samples, having the abibty to cleave 
pAPP, and having a pH optimum of about 6.5-7.Q. Similarly, the terms "acidic' and 'pH 4.5' [^secretase activity are 
used interchangeably end refer to a polypeptide of about 50-60 kOa as determined by radiation inacthration analysts of 
HEK2S3 cell membrane extracts or human brain samples, having the ability to cleave PAPP, and having a pH optimum 
of about 4.5-5.5. 

The term 'alter' and grammatical variants thereof, when used in connection with the assays of the 
present invention, include eny and all modiftcations. such as inhibition or enhancement of p-secretase ecttvity. 

The term 'preferentially Inhibits', and grammatical variants thereof, are used to refer to a molecule that 
exhibits a higher inhibitory activity towards a panicular ('preferred') p-secretese enzyme than towards another {'less 
preferred'} p-secretese enzyme. The ratio of the 'referred' end 'less preferred' P-secretase inhibitory activities is 
preferably at least about 1.5, more preferably at least about 2.0. even more preferably at least about 2.5. 

11. GENERAL ASSAY METHODOLOGY 

The present mvention provides an assay method for identifying modulators (enhancers or, preferably, 
inhibitors) of P-secratase enzymatic activity. The method is based on screening for modulators (enhancers or 
inhibitors) of a novel "neutrar P-secretasa activity. The novel p-secreiase. in isolated, immobilized w cell bound form, 
is contacted with a candidate compound, or a plurality of candidate compounds, and those candidates are sdected 
tliat have the ability to alter, preferably inhibit, the biological activity of the new 'neutral' P-secretase. While the 
effect of a candidate compound on P-secretase activity is preferably detected by monttoring its ability to alter (e.e. 
inhibit) P-secretase mediated cleavage of APP. any other read-out of P-secretase activity is equally suitable. Both cell 
based and cell-free assays are specifically within the scope of tite invention. Candidate compounds which provide 
significam inhibition, usually at least about 25%. preferebly at least about 50%. more preferably at least about 75%. 
most preferably at least about 90% inhibition, and often at least about 95% inhibition, are considered P-secretase 
inhibitors. 

In a preferred embodiment, the present invenibn provides an assay methodology for determining 
compounds which can have an effect on (preferably reduce) APP proteolytic products using mentbrane-enzyme 
mixtures, as welt as methods of preparation of the mixtures used in such assays. Such compounds can be used in the 
treatment of patients, particularly humans, with amyloid-associated disorders. The assey involves comacting APP/p- 
secretase as individual components or as a mixture or complex with a test compound and thereafter determining the 

-12- 



wo 00/69262 



PCT/USOO/13074 



tevel of APP proteolytic products, and particularly If the compound reduces the level of APP proteolytic 

products, B.g^ as conipared with b previously known standard then the compound is a cantfidate for the treatmait of 
patient's with amyloid-associated disorders. Tha APP and f3>secrfltase which are contacted with the compound can be 
both isolated btim ceB membranes obtained from celts expressing both APP and p-secretase or can be isolated from 
celts expressing either APP or ^-secretase and then combined together. Altemativety, APP and/or P-seaetase may be 
partially or fully synthesized by traditional chemical synthesis and/or recomfainam DNA technology, br a special 
embodiment, cells engineered to recombinantly express APP and/or one or more [)-secretase$ can be used. 

Before the membranes are used in the assays, background levels of APP proteolytic products may be 
rmoved. This step could be eliminated by precisely detemuning the level of APP proteolytic products in a known cell 
culture of cells expressmg APP. Thereaft^ the known level can be adjusted for in the assay, Le^ increases or 
decreases relative to the known background level could be determined by subtracting away the known background 
leveL In order to perform the assay in this manner, it would, of course, be necessary to obtain cell membranes from a 
statistically significant number of recombinant cells which express a known level of APP and thereafter determining 
the background level of APP proteolytic products present in the membranes of these ceils. 

In one aspect of the invention there is a disclosed method of identifying a compound characterized by its 
ability to alter p-sacretase activity. The method comprises the steps of (1) contacting APP/p-secretase mixture 
isolated from membranes obteined from cells, from which background levels of APP proteolytic products have been 
removed, with a test compound; and [2) determining levels of APP proteolytic products foilowing contact with the test 
compound, wherein the levels of APP proteolytic products are indicative of the effect of the compound on in mo ^ 
sacretase activity. 

An assay method for determining compounds that affect APP P-secretase activity is disclosed which 
comprises: (1) preparation of APP and p-secretase from ceil membranes prepared from cells expressing APP and p- 
secretase: (2) treatmem of the APP/3>secretase with a candidate compound m vitro: and (3) determining the effect of 
the compound on p-secretase activity by measuring the levels of APP proteolytic products. It is preferable to run the 
assay against a control e.g., where no compound is added to the APP/P-secretase muture and/or where any carrier 
added with the test compound is added to a culture to determine if a carrier alone affects APP proteolysis. 

Compounds found to affect p-secretase activTty, e.g., either inhibit or enhance secretase activity, can be 
further assayed in transgenic mice. Compounds which test positive in the assay of the invention can be used in the 
treatment of amyloid-associated disorders such as AO and CAA. 

Also described is a method of reducing the level of p-amyloid plaque in the brain tissue of a mammalian 
host by administering a compound which inhibits p-secretase as identified in the assay described above. Prophylactic 
use of such compounds is also contemplated for individuais at risk tor Alzheimer's disease such as the elderly and/or 
mdividuab carrying known mutations linked to this ifisorder. Individuals treated may not presently exhibK symptoms 
but have been subjected to head and neuronal trauma. 

-13- 



wo 00/69262 



PCT/USD0n3O74 



Membrane Preparatipn and Isolation of APP/P-Secretase Miiiure 

The membrane preparations of the uwention are prepared to allow access of the endogenous or 
exogenous APP protein with p-secretase isolated from membrane preparations. Membrane prepai-ations used in the 
assay of the invention can be homogenized using techniques available to those skilled in the art such as douncing. use 
of a mechanical tissue homogenizer, needle shearing, and use of a ball bearing tissue homogenizer. Generally, cells of 
interest e.g., primary glial ceils, mammalian cells expressing endogenous or exogenous human APP, human 293 cells, 
and the like are isolated and disrupted in a manner to preserve the p-secretase activity. The cells used for the 
membrane preparation may be fresNy obtained. e.g., isolated from a patient sample, from a cultured system, e.g., an 
immortal cell line, or ceSs present in long-term storage, e.g^ cells stored at •70*'C. Once the membranes have been 
isolated, they may be used ifiractly in the assay or stored at '70°C. 

Once a crude ceU membrane preparation has been generated, the membranes are treated with a mild 
detergent to remove background levels of APP P-secretase proteolytic products l)3NTF). An exemplary detergent for 
use with the presently described assay include 0.02-0.05% saponin. Following treatment with the mild detergent, the 
P2 membrane is solubilized with a stronger detergent such as 0.3% Titron X-100 or 0.3% Triton X-100 (reduced 
form). 

Once solubilized, the APP/^-secretase mixture is partially purified. It can be purified using any method 
known m the art but is preferably purified using chromatography, e^i., Q-HP Sepharose chromatographY. Other 
techraques that may be used include, but are not limited to, anion exchange chromatographies such as DEAE and 
OMAL 

Optionally, before addition of a test compound, the APP/fVsecretase mixture is exposed to an agent that 
alters p-secretase activity and/or stabilizes the detectable APP proteolytic products of P-secretase. In a preferred 
embodment the agent enhances the level of P-secretase activity in order to allow for improved detection of aherations 
in p secretase activity. Exemplary agents for this use include phospholipids such as cardiolipin, L-a-phosphatidylserine 
and l-a phosphatidylinositol. Other agents affecting P>secretase activity can be used in the present invention as weU, 
as will be obvious to one skilled in the art upon reading this disclosure. 

Detection of Proteohftic Products Followino Treatment of APPffVSecretase Mixture 

Following incubation of the APP/p-secretase mixture with the test compound, the preparation b assayed for 
levels of p-secretase proteolytic products of APP, e.g., PNTF. Detection of the APP P-secreiase proteolytic products 
can be accompHsbed using any of a number of methods to determine the absence or presence or altered amounts of the 
differentially expressed polypeptide in the test sample. For example, detection can utilize staining of the APP/p. 
secretasa mixtura with labeled antibodies, performed in accordance with conventional methods. In general, antibodies 
that specifically bind a differentially expressed polypeptide of the invention are added to a sample, and incubated for a 
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period of time sufficient to allow binding to the epitope. usuaDy at least about 30 minutes. The antibody can be 
detectably labeled for direct detection teg., using radioisotopes, enzymes, f luorescers, chemiiumtnescers, and the likal. 
or can be used in conjunction with a second stage antibody or reagent to detect binding (e.g.. biotin with horseradish 
peroiidasB-conjugated avidin. a secondary antibody conjugated to a fhuirescent compound. e.g.. fluorescein, 
rhodaminB, Texas Red. etc). The absence or presence of antibody binding can be determined by various methods, 
including flow cytometry of ifissociated cells, microscopy, radiography, scintillation counting, etc. Any suitable 
ahemative method of qualitative or quantitative detection of levels or amounts of differentially expressed polypeptide 
can be used, for example western blot, immunoprecipitation, radioimmunoassay, etc 

In a preferred embodimBnt an enzyme^nked immunosorbent assay (EUSA) is used to detect the presence of 
the APP/p-secretase proteolytic produa PNTF. Quantitation of multiple samples can be made more time efficimt by 
running the assay in an EUSA fonnat in which different potential agents are tested against celt membrane preparations 
and rapid quantitation is accomplished by spectrophotometric or cotorimBtric detection. For example, the presence of a 
relatively low amount of pNTF indicates a decrease in ^secretase activity. Such changes n the level of APP 
proteolytic peptide products can idemify lead compounds for further study in the treatment of amyloid^ssociated 
disorders. 

111. COMPOUNDS OF THE INVENTION 

Compounds of the invention encompass numerous chemical classes, including but not Cmited lo the 
compounds described herein with known function. Novel methods are provided which employ compounds that are 
effective in ahering p-secretase activity levels. Compounds found to inhibit or enhance ^secretase activity can be 
further assayed in transgenic mice to determine additional physiological effects and potential of the compound as a 
therapeutic agent fMoran et aL Proc, Nati. Acad. Sci. USA 92: 5341-5345 [1995]; Games et aL Natm 373: 523-527 
[1 9951; Haiso et aL ScfsncB 274: 99-102 [199S]). Compounds which test positive can be used in a specific method 
of treetment of the invention described below. 

Candidate compounds can be obtained from a wide variety of sources including libraries of symhetic or 
natural compounds. For example, numerous means are available for random and directed synthesis of a wide variety of 
organic compounds and biomolecules. including expression of randomized oligonucleotides and oligopeptides. 
Alternatively, libraries of natural compounds in the form of bacterial, fungaL plant and animal extracts are available or 
readily produced. Additionally, natural or synthetically produced libraries and compounds are readily modified through 
conventional chemical, physical and biochemical means, and may be used to produce combinatorial libraries. Known 
pharmacological compounds may be subjected to directed or random chemical modifications, such as acylation. 
alkylation, esterification. amidification, etc. to produce structural enalogs. 

Compounds for use in the method of invention may be small organic compounds having a molecular weight of 

more than 50 and less than about 2.500 daltons. Candidate compounds comprise functional groups necessary for 

structural interaction with proteins, particularly hydrogen bonding, and typically include at least an amine, carbonyl, 
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hydroiyl or carboxyl group, preferably at least two of tfie functional chemical groups. The candidate compounds often 
comprise cyclical carbon or fieterocyclic structures and/or aromatic or polyaromatic structures substituted with one or 
mors of the above functional groups. Candidate compounds are also found among bbmoleculese including, but not 
limited to: peptides, saccharides, fatty acids, steroids, purines, prrimidines, derivatives, structural analogs or 
combinations thereof. 

IV. METHODS OF TREATMENT USING COMPOUNDS OF THE INVENTION 

The method of treatment is a method of reducing the level of (^-amyloid plaque in the brain tissue of a 
mammalian host by administering a compound which showed positive results in the assay described above. In general, 
such compounds will reduce the level of (Vamyloid plaque in brain tissue by affecting in vivo levels o1 3-secretase. 
Therapeutic effects may be seea for example, by compounds that inhBnt or decrease p-secretase activity. 
Prophylactic use is also contemplated for individuals at risk for Alzheimer's disease such as the elderly and/or 
individuals carrying known mutations linked to this disorder. Individuals treated may not presently exhibit symptoms 
but have been subjected to head and neuronal trauma. 

In the subject methods, the compound may be administered to the host using any convenient means capable 
of resulting in the desired target protein acth^ity modulation. Thus, the compound can be incorporated into a variety of 
formulations for therapeutic administration. More particuiarly, the compounds of the present invention can be 
formulated into pharmaceutical compositions by combination with appropriate, pharmaceutically acceptable carriers or 
dikients, and may be formulated into preparations in solid, semi-solid, Bquid or gaseous forms, such as tablets, 
capsules, powders, granules, ointments, solutions, transdemial patches, suppositories, injections, inhalants and 
aerosob. 

As such, administration of the compounds can be achieved in various ways, uicluding oral buccal, rectal, 
parenteral, intraperitoneal intravaginal. iniradarmat transdemial, intratracheal, etc., administration. 

In pharmaceutical dosage forms, the compounds mey be adm'mistered in the form of their pharmaceutically 
acceptable salts, or they may abo be used alone or in appropriate association, as well as in combination, with other 
pharmaceutically active compounds. The following methods and excipients are merely exemplary and are in no way 
limiting. 

For oral preparations, the compounds can be used alone or in combination with appropriate additives to make 
tablets, powders, granules or capsules. Examples of additives are conventional additives, such as lactose, mannitol 
com starch or potato starch; binders, such as crystalline cellulose, cellulose derivatives, acacia, com starch or gelatins: 
disintegrators, such as com starch, potato starch or sodium carboxymethylcelluiose; lubricants, such as talc or 
magnesium stearate; and if desired, diluents, buffering agents, moistening agems, preservatives and flavoring agents. 

The compounds of the invention can be formulated into preparations for injection by dissolving, suspending or 

emulsifying them in an aqueous or nonaqueous solvent, such es vegetable or other similar oils, synthetic aliphatic acid 

glycerides, esters of higher aliphatic acids or propylene glycol. If desired, conventional additives such as solubilizers, 
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isotonic agents, suspending agents, emulsifying agents, stabOizers and preservatives may also be added. The 
concentration of therapeuticalty active compound in the formulation may vary from about 0.5-100 wt. %. 

The compounds can be utilized in aerosol formulation to be administered via inhalation. The compounds of 
the present invention can be fomulated into pressurized acceptable propeQants such as dichlorodifiuoromethane. 
propane, nitrogen and the like. 

Furthermore, the compounds can be made into suppositories by mixing with a variety of bases such as 
emulsifying bases or water-soluble bases. The compounds of the present invention can be administered rectally via a 
suppository. The suppository can include vehicles such as cocoa butter, carbowaxes and polyethylene glycols, which 
melt at body temperature, yet are solidified at room temperature. 

Unit dosage forms for oral or rectal administration such as syrups, elixirs, and suspensions may be provided 
wherein each dosage unit |e.g., a teaspoonful, tablespoonfu), tablet or suppository) contains a predetermined amount 
of the composition containing one or more inhibitors. Similarly, unit dosage forms for injection or intravenous 
administration may comprise the inhibitorjs) in a composition as a solution ia steraa water, normal saline or another 
pharmaceuticaliy acceptable carrin. 

The pharmaceuticatty acceptable excipients, such as vehicles, adjuvants, carriers or diluents, are readily 
available to the public. Moreover, pharmaceuticaliy acceptable auxiliary substances, such as pH adjusting and 
buffering agents, tonicity adjusting agents. stabSizers, wetting agents and the like, are readily availabte to the pubBc 

The compounds are administered to a host in a physiologically acceptable carrier, at a dosage from 5 mg to 
1400 mg, more usually from 100 mg to 1000 mg, preferably 500 mg to 700 mg for a dose of 0.5 to 20 mg/kg weight. 
The dosage for compounds altering secretase activity is elected so that the secratasa acthrity is atterad by 10 to B0%, 
more preferably 20 to 70% and even more preferably 25-50%. 

EXAMPLES 

The foUowtng examples are set fonh so as to provide those of ordinary skill in the art with a complete 
disclosure and description of how to make and use the present invention, and are not intended to limit the scope of 
what the inventors regard as their invention nor are they intended to represent that the experiments below are alt or 
the only experonents performed. Efforts have been made to ensure accuracy whh respect to numbers used {e.g., 
amounts, temperature, etc) but some experimental errors and deviations should be accounted for. Unless indicated 
otherwise, parts are parts by weight, molecular weight is weight sverege molecular weight, temperature is in degrees 
Centigrade, and pressure is at or near atmospheric. 

EXAMPLE 1: Membrane preparation protocol 

Membrane preparations for APP/ -secretase substrate mixtures were generated from human embryonic kidney 
293 ceHs (HEJC293) expressing the 751 form of APP carrying the "Swetfish" AO mutation [293/75 Isw). For other 
purposes such as following or purifying -secretase activity, membrane extracts were made from naTve HEK293 cells. 
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This protocol can also be used for att other cell types, e.g. Chinese hamsier ovary ceUs expressing an eiogenous human 
APP gene ICH0-695APP). Cells were stored as cell pellets at -80* C until used tor the preparation. 

Approximately 70-100 gram of cells fwei weight) were routinely used to generate 50-100 mis ot eniyme 
substrate comptexjmixture from rrtembrane extracts. The cells were thawed and were resuspended through different 
iterations in a total volume of 12-15 x vot/gram wet weight of TE/1X protease inhibitor cocktail (PtC) buffer {20 mM 
Tris-KCl/5 mM EDTA pH 8.5 (TE) with IX PIC (IX PIC: 10 leupeptin, 1 ^M aprotintn and 1 \iM pepstatin, 
Boehringer Mannheim). InitiaitY, the pellet was resuspended in ' 6-9 x vol/gram wet weight and homogenized using a 
tissumizer (IKA Labortechnik, Staufen, Germany) at medium setting for three tnies one minute with intermittent 
cooling on ice. The homogenate was then distributed into different 50 ml Falcon tubes and was centrifuged lor ID 
minutes at 1 500 rpm in a table centrifuge (Sorvall) at 4^ C. After the centrifugatton. the supernatant corresponding to 
a PNS (postnudear supematam) was carefully removed and pooled into a fresh tube. In order to avoid disturbing the 
relativelv loose pellet, approximately 10 m) of material were left in each tube includiiq the pellet that contained 
unbroken ceUs and nuclei. The pellet and remaining supernatant was pooled and resuspended in the remainder of the 
homogenization buffer. The suspension was then subjected to another round of homogenizatton with the tissumizer 
followed by centrifugation and supernatant collection as described above. The resulting PNS was pooled with the 
previously saved material. If deemed necessary, an additional round of homogenization was included or the previously 
centrifuged material was spun again to recover all the supernatant efficiently. The membranes were then recovered by 
centrifugation of the pooled PNS el 28,000 rpm (* 65,000 x g) in a T45 rotor (Beckman, Pahi Alto, CA) for 30-40 min 
at 4''C and the supernatant was poured oft carefully after the centrifugation. 

EXAMPLE 2: Detergent wash of membrane preparation 

Membrane preparations as prepared in Example 1 are treated with a mSd detergent to reduce, preferably to 
undetectable levels, background APP proteolytic products. The membrane pellet was resuspended sequentially in a 
total of 12 X voUgram wet weight of TE/1X PIC in the presence of a final concentration of 0.02% saponin (added from 
a 0.5% saponin stock solution made in distilled water). The pellet was homogenized on ice by 13-18 strokes in a 
Kontes glass tissue homogenizer with a tight pestle (0.013 0.14 mm clearance). Treatment with the mild detergent 
saponin permeabilizes the membranes and thus releases lumenal soluble proteins. In particular, this preferably reduces, 
to undetectable levels, any background APP proteolytic products, such as P^NTF. Following homogenization of the 
membranes on ice, the suspension was centrifuged in a Ti45 rotor at 26.000 rpm ('65,000 x g) for 3O40 minutes. 
The saponin extract contaming -NTF was stored at -80** C until it was further purified over a Q-HP column (similarly 
to the membrane enract described below) and the resulting fractions containing -NTF were aliquoted and stored at - 
60** C for use as a standard. The pellet after the saponin extraction was resuspended again in TE/1X PIC. 0.02% 
saponin and treaud as described, and this step was repeated until the membranes were washed in a total of 12 x 
vol/gram cell paste. 
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FoUowing the saponin sitraction. the final membrane pellet (P2 pellet) was routinely fro2en at -60*" C until 
further use. When needed, the frozen P2 pdlet was thawed and resuspended in T£/1X PIC. Triton X100 R was added 
to a final concentration of 0.3% and the suspension was dounced on ice at least 12 times in a Kontes glass tissue 
homogenizer with a tight pestle (0.013-0.14 mm dearancel. Alter the material had been suspended well, the solution 
was centrifuged at 32,000 rpm (' 100,000 x g) for 45-60 minutes at 4' C. The solubiliied membrane supernatant 
was collected, and the pellet discarded. The sotufailixad Trhon XI 00 extract was then ftltersd through a 0.45 fira 
bottle-top filter to remove insoluble material [Schleidier & SchQII) and was partially purified on a 25 mt Q-HP 
Sepharose column IPhannacia, Stamford, CT) in the following manner. 

EXAMPLE 3: Partial purification of the APP/f3-Secretase mixture 

The detergent-treated membrane preparations of Example 2 are partially purified using a Q-HP Sepharose 
chromatography column (Pharmacia, Stamford, CT). The D-HP column was equilibrated with 5-10 cohmui volumes 
(CVs) of equilibration buffer 120 mM Tris/EDTA pH 8.5, 0.05% Triton X100-R1 and the extract was loaded at 5 
ml/minutes. The cohimn was then washed with 5 CVs of equitibration buffer to ronove non-specifical)Y bound 
proteins. Proteins including APP and -secretase were eluted from the cohimn with a linear gratfient from 0-1M NaCI in 
equilibration buffer fTE, Q.05% Triton X100-R] over 5 CVs and *8 mt fractions were collected. 1 x PIC was added to 
the collection tubes prior to the run. 

Following elution, the column was washed well with 1I\A NaCI/TE buffer, and 0.5N NaOH with intermittent 
rinses in distilled water and was then re-equilibrated and stored at 4* C until future use. For long-term usage, the 
cohimn was further washed with 20% ethanol/water and stored therein. 

The total protein concentration for each sample was determined using a BCA protein test (Pierce, Rockford, 
ILl, and a protein profile was also determined for the rinses and the ehnion. Alternatively, protein was followed with a 
UV monitor. Samples were run on an SDS-polyacrylamide gel for Western Blot analysts, and blotted with pAb369, an 
antibody which recogniies the C terminus of APP (Gouras et al. Proc. Natl. Aead, Sci USA 97: 1202-1205 (20001). 
The saponin extract of washes was also blotted to analyze the piVTF using AF-20 series antibodies or equivalent. 
pNTF-specific antibodies were generated against the neoepitope produced by ^seaetase deavage of APP. 
Specifically a peptide to the neo^itope ([CltSEVND based on the Swedish APP sequence was symhesized, conjugated 
to a protein carrier via the N- terminal cysteine on the peptide, and used to immunize rabbits acceding to standard 
procedures. The resuhing antiserum was affmity purified using the peptide immunogetL 

Individual fractions were then assayed for the presence of APP using an ELISA as well as for the presence of 
-secretase using the native substrata assay as described in Examples 4 and 6. Fractions containing APP and • 
secretasa as determined by Western blotting (see above) or by EUSA (Examples 4 end 6) were pooled as APP/^- 
secretase complex/mixture, aHquoted and stared at -80*C for future use. 
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EXAMPLE 4: EUSA assay using partiaHy purified APP/p-Secretase mixturB 

The P-secretase ELISA assays wve performed as per the scheme in Figure 1. Each well of a 96 well plate 
containing a flat bottom (high protein binding. Corning, NY) was coated with 100 of the monoclonal capture 
antibody BE5 (at "8-10 ng/ml) (Johnson-Wood et aL Pwc. Natl. Acad. Sa. USA 94: 1550*1555 11997]). The plate 
was then covered with parafiJm and incubated overnight at 4* C or ahematively for 2 hours at 37° C. Following 
incubation, any excess liquid was removed, wells blotted dry and incubated with 150 ^1 of blocking buffer (0.1% 
BSA/PBS) per well at 37* C or room temperature for 1*2 hours. 

The partially purifiad APP/p-Secretase complex sohition (10 or 20 ^l} was placed either In 1.5 ml 
microfuge tube or 96-well assay plate, and covered well with the cap or parafilm respectrvelv. A solution containing 
the compound of interest was added to the APP/p-secretase mixtuiB, foDowed by the addition of assay buffer (50 mM 
potassium phosphate, 5 mM EDTA, 0.02% Triton X-100, pH B.51 to a final volume of 100 jil. Cardioiipin can be addeJ 
to improve the signal (see Example 5} and the assay can tolerate up to 2% DMSO when testing compounds sotubtlized 
in DMSO. While this example descrOies the standard reaction conditions at pH 6^. the assay was also routinely 
performed et a different pH, in particular at pH 7.0 or pH 4.5. The reaction samples were incubated at 37° C for 6-18 
hours end were then stopped by placing the samples at •20°C. This reaction can be carried out for multiple potemial 
compounds simultaneously to provide a high throughput method of screening multiple candidate therapeutic agents. 

After removing blocking buffer* the coeted plates were btot dried. To one set of walls, difterant volamss 
(e.g. 0, 0.5, 1. 2. 4, 8. and 10 ^I) of the Saponin wash from the membrane preparation were added. These were 
diluted to a final volume of 100 ^l with dOution buffer and served to establish the linearity of the assay (typically in 
the 00 450 nm range from 0.06 to 1.2) (Figure 2). The measurement of p-NTF was found to vary linearly with the 
amount of incubation time in the assay (Figure 3). 

To another set of remaining wells, 50 ^l of a p-secretase reaction performed in the presence of a particular 
compound or combination of compounds was added, followed by the addition of diUition buffer (50 m.1) to make up the 
volume to 100 pJlweU. The ELISA plate was incubated at room temperature for 1-2 hours. Following incubation, the 
plate was washed three times with 200 ^1 of Wash Buffer (50 mM Tris HCI pH 7.5, 150 mM NaCI, 0.05% Tween-20), 
and blot dried. Ahernativeiy, PBS, 0.05% Tween-20 can be used es wash buffer. One hundred ^l of 1:5000 dilution of 
the affinity purified anti- -NTF AF-#20 antibodies in Antibody/Conjugate Buffer [PBS, 2% BSA, 0.05% Tween-201 was 
then added to each well and the plate incubated at room temperature for 1 hour. The plate was again washed three 
times with wash buffer, and excess liquid was removed between washes. 

One hundred ^ of a 1:5000 dilution of a goat anii rabb'rt IgG-HRP in Antibody-Conjugate Buffer was then 
added to each weO, and the plate incubated at room temperature for one hour. After the secondary antibody 
incubatbn. the plate was washed three times with wash buffer. One hundred ^1 of TMB/HjO, (Sigma) that had been 
brought to room temperature during the previous incubation was then added to each well. During the development of 
5-20 minutes, the plate was covered with aluminum foil and stored in the dark. After sufficient blue color had 
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developed, the reactions were stopped by adding 100 ^1 of 5N HiSOt to each well and the amouni ai NTF was 
determined by raading the plate at 450 nm in a Softmax spectrophotometer. 

EXAMPLE 5: inhibition of [Vsecretase activity by AEBSF 

The ability of the broad spectrum, irreversible serine protease inNbitor AEBSF to inhibit P-secretase activity 
was tested using the methods of the invemion. AEBSF has been impticated as an inhibitor of p-secretase activity (M. 
Citron et dL,A/emut 17:171-179 (1S9G)h and so was a promising candidate to test using the method of the invention. 

Twenty ^1 of the APP/p-secretase mixture produced using the method described in Examples 1-3 was ifiluted 
1:4 in 80 ^1 assay buffer [50 mM potassium phosphate, 5 mM EDTA. 0.02% Triton X-100, at pH 7.01. CardioEpin 
was assessed in the assay over a concentration range from 0.0M00 ^M. To Bisass the effects of an inhibitor, 
AEBSF (Pafafatoc) was added at concentrations varying from 0 mM to 10 mM. The samples were incubated at 37°C 
for 1 6 hours, and the level of p-secretase activity was determined using the ELISA assay of Example 4. 

The presence of cardtofipin in the assay buffer provided a dose-dependent increase in the datectabla levels of 
p-secretese acthrity (Fig. 4A). The AEBSF (Pefabtoc) exhibited dose-dependent P-secretase inhibition using standard 
assay conditions (Fig. 4B). These results show that 1) the assay of the invention allows for detectable decrease in p- 
secretase activity upon exposure to a known inhibitor, and 2) the detectable decrease is more dramatic with the 
addition of a compound such as cardiolipin that increases P-secretase acthrity. This is particularly useful in the 
detection of compounds that have more subtle effects on the activity of p-secretase. 

The potent irreversible, membrane permeant active site serine hydrolase inhibitor, diisopropyl 
fhjorophosphate (DFP) did not inhibit the acthrity of the neuual p-secretase activity. Indeed, at high concentrations of 
the inhibitor, p-NTF production was enhanced by pre-traatment of the extracted enzyme with DFP. The inhibitory 
effect of modification of an activated serine residue is either directly or indirectly involved in the catalytic mechanism 
of p-NTF production by the neutral p-seaetase. 

EXAMPLE 8: -secretase activity and APP assay 

The fractions obtained during the purification of -secretase and/or APP substrate as described in Example 3 
were assayed tn the following manner. The assay consists of two different parts, an incubation or reaction phase to 
generate -NTF and an EUSA part to capture and measure the -NTF generated by -secretase. The ELISA was carried 
out essentially as described in Example 4. 

After the column had been run, the reaction plate was set up to measure -secretase activity in the following 
manner using a 96 well plate with a conical bottom (Coming, NY). Of each fraction. 10 or 20 ^l was added to 90 or 
BO ^1 of assay buffer (50 mM potassium phosphate. pH 6.5. 5 mM EOTA. 0.02% Triton X100-R, 10 ^M cardiolipin) 
so that the total reaction volume was 100 ^I. While this example describes the standard reaction conditions at pH 
G.5, the assay was also routinely performed at a different pH, in panicular at pH 4.5 (see below). In the case of naive 
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HEK293 cells that were not transfected with APP751sw or if -secretase was followed in fractions devoid of 
substrate, exogenous APPTSIsw (prepared as described in Example 7) was also added to the reactions. Half of ttte 
reaction was then transferred to a new 9B wet) plate. Both plates were tightly sealed using an Ahiminium plate seat 
(Beckman) to avoid excess evaporation of the reaction mix. One of the plates was then placed overnight at -20* C tor 
the control reaction during which time the other plate was incubated in a 37* C incubator. 

In the meantime, the corresponding plates for the EUSA assay were set up as desaibed earlier in Example 4. 
The next morning, after the reaction plates had been incubated for 15-1 B hours, the 2T C plate was placed at •20' C 
to stop the reaction. The EUSA plate that had been coated overnight was then blotted dry and incubated with 150 |a) 
of blocking bufler (Q.1% BSA/PBS) per well at 37* C or room temperature for 1-2 hours. When the EUSA plates were 
blocked, the reaction plates were removed from -20" C end thawad for the actual EUSA. The blocking solution was 
removed from the EUSA plate and the plate was btotted dry and then washed once with Wash Buffer (PBS, 0.05% 
Tween-201. Excess wash buffer was removed and the plate blotted dry. Different voiunnes of Saponin wash ware 
used to establish a linear response curve for PAfTF as described in Example 4. For the reactions, 30 fil from each weB 
of the reaction plates incubated either et •20' C or 37' C, respectively, were added to the EUSA weOs. Reaction 
semples were diluted with 70 ^1 of dilution buffer [PBS, 0.02% Triton X100-R. 0.3%-6% BSA] and then incubated at 
room temperature for 60-80 minutes. After this incubation, excess liquid was discarded and the wells were washed 3- 
4 xma with wash buffer. The rest of the steps tn the EUSA were carried out as described in Example 4 to determine 
the amount of pNTF generated as a result of ^-secretase activity. 

To determine the substrate (APP) levels in these fractions, either 10 ^1 of the 20* C reaction mix or 10 ^1 
from the fractions directly were added omo EUSA wells coated with tha 8E5 antibody and blocked as described above. 
The samples were diluted with 90 ^1 dflution buffer and the EUSA was performed basically as described above except 
that the detection system was slightly {Afferent APP was detected using a prtmary biotinytated monoclona] 2H3 
antibody at a dilution of 1:2000 (Johnson-Wood et aL Proc. Natl Acad. Su USA 94: 1550-1555 [1997]). foDowed by 
a streptavidin HRP conjugete (Zymed) used at 1:5000. 

EXAMPLE 7: Generation of panially purifled APP751SW substrate for the measurement of -Secretase activity in the 
absence of endogenous substrate 

In the previous example, we described the generation of secretase/APP enzyme substrate complex. In order 
to be able to follow and purify -secretase from cells such as naive HEK293 or CHO cefls or from brain exuacts. we 
need to reconstitute the activity by adding back exogenous APP substrate to individual samples such as fractions from 
a cohmin purification step. We thus developed e partial purification approach that allowed us to obtain APP751sw 
substrate devoid of endogenous -secretase activity as measured at pH 6.5. APP751sw was expressed and purified 
from transiently transfected HEK293T cells. Transient transfection of APP751sw improved the separation since a 
significantly higher ratio of substrate to enzyme could be obtained. Ceils were transiently transfected in roller bottles 
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by a transfection method recommended by the manulacturer ttsmg FuGene 6 (Boehringer Mannheiral. The cells were 
harvested and the equivatent of ' 5-10 9ms of ceil paste was subjected to detergent extraction using the protocol 
described in Eiampies 1.2, and 3 with the corresponding buffer volumes. The determent extract was separated on a 1 
ml Q- HP Sepharose column, and as observed when preparing APP/ -secretase complex as described in Examples 1.2. 
and 3, both secretase and APP751sw were initiaOy found to co-fractionate on this column. The APP751sw 
containing tractions were then pooled and tha pool was diluted '8-10 fold with equi&bratbn buffer [20 mM Tris/EOTA 
pH B.5, 0.05% Triton X100-R1 to reduce the salt from the previous chromatography step. The material was then 
loaded onto a Mono Q column that had been equilibrated. Non-specificelly bound proteins were washed with 10 CVs 
of equilibration buffer and proteins were etuted with a 15 CV linear gradient from 0-1 M NaCI in equilibration buffer. 
Agein, frections were analyzed for the presence of APP751sw as descrflied in Example 6. The -secretase activrty was 
detennined at pH 6.5 and the protocol was very similar to what is described in Example 6 except that additional, 
exogenous APP751sw substrate from a previous preparation was added to each of the reactions. This was necessary 
since otherwise -secretase would not have been detectable in fractions that were very limited in APP751$w substrate 
(Figure 5). As shown in Figure 5, the mooo Q step allowed the separation of the APP751sw substrate from the bulk of 
the endogenous -secretase es measured at pH 6.5. Based on this procedure, we have routinely obtained APP751sw 
at concentrations of ' 4-6 \iglwi and use ' 3-8 ^ per reaction to determine the -secretase activity when substrate 
needs to be added back to the reaction mixture. The -secretase activity devoid of substrate from this column 
(compare Figure 5) wes also pooled for additional experiments (see Example 9). 

EXAMPLE 8: Identification and separation of two -Secretase activities that operete at different pH 

We investigated the pH profile of the -Secretase activity in tha nathre substrate assay in two ways. In these 
experiments, we first measured the pH profile of the APP/ -secretase complex that was prepared as described in 
Examples 1,2, and 3. Second, we evaluated the pH profile of -secretase that had been further separated from the 
APP751aw substrate on mono Q when added back and thus reconstituted with its sufasUate (see Example 71 

In the first experiment, the enzyme/substrate complex was incubated overnight as described above under 
different pH conditions (phosphate buffer, containing 10 fiM cardiolipin and 0.02% Triton X100-R) ranging from pK 
4.0 to pfl B.0, After the incubaiioa all samples wm neutralized and then bound to the ELISA plate and -NTF was 
determined as described above. As shown in Figure 6A, the enzyme/substrete complex had a pH optimum of * pH 6.0 
to pH 6.5 under these conditions. This profile was relatively broad and significant activity was detected down to pH 
4.5 and even as low as pH 4.0. These results suggested a rather heterogenous mixture of potentially more than one - 
secretase acthrity. 

When we reconstituted the -secretase pool that had been separated via the additional mono 0 step with 
exogenous APP751$w substrate (compare Example 7), we saw a more pronounced activity optimum at pH 6.0/pH 6.5 
(FigurB 6BI This suggested that the more neutral activity had been separated further on the mono Q column from the 
lower pH activity that was more significant in the starting material (Figure 6A). 
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Taken together, these results clearty suggest the presence of two distinct -secretase activities in HEK233 
membranes, one that operates preferentialty at a more neutral pH (pH 6.0-G.5) and another that seems to favor a more 
Bcidic pH. 

In order to clsrify the existence of these two distinct activities, we separated them by anion-exchange 
chromatography. KaTve HEK293 cells were homogenized and extracted as described in Examples 1.2. and 3 except at 
a smaller scale. 30 gms of HEK293 cell paste was processed and the vobimes of homogenization. washes and 
extractions w^e adjusted accordingly. The detergent extract was then loaded onto a 5 ml Q-HP Sepharose cohimn 
and non-spectficelly bound proteins were washed with 10 CVs of equflibretion buffer. Proteins were eluted from the 
column using a shallower gradient as that described in Example 3 to improve tte separetion betweoi the two 
activities. Proteins were eluted in 12 CVs of a 0*1 M NaCI gradient in equilibration buffer and the resulting fractions 
were measured for -secretase activity using the native substrate assay at both pH 4.5 end pH 6.5 (in phosphate buffer 
as described above). These cells did not contain any endogenous APP751sw substrate and thus each reaction was 
supplemented with substrate (obtained as described in Example 7). As shown in Figure 7, two distinct elution profiles 
were cleariy visible. The activity operating preferentially at pH 4.5 was thus distinct and could be separated from that 
active at pH 6.5. We thus have provided evidence that there ere two distinct -secretase entities with differential pH 
profttes. 

EXAMPLE S: Two separate activities contribute to p-secretase acthrtty in membrane extracts 

BACE Fc fusion protein was expressed in HEIC293EBNA cells and purified basically as described (Vassar et 
aLSciencB 285:735 [1999D. CeO supematants from BACE transfected or mock-treated cells were purified on Protein 
A Sepharose and eluates were first diluted with PBS and then concentrated '10 fold in a Miliipore micro-concentrator. 
5 to 10 ^l of BACE fusion proteia mock eluate or partially purified -secretase (from Example 7) were added to 10 ^l 
of enzyme/substrate complex (prepared as described in Examples 1.2. and 31 and secretase activity was measured at 
either pH 4.5 or pH 6.5. Two effects became apparent in this experiment First, addition of different amounts of 
BACE fas opposed to mock purrfied material) cteariy enhanced the -secretase activity msasured at pH 4.5 but not at 
pH 6.5 (Figure 8). Thus. BACE did not contribute significantly to the pH 6.5 activity that appeared to be more 
prominent in the complex preparations (compare complex alone at both pHs). Second, addition of partially purified 
neutral secretase activity from the mono Q column (compare Example 7). cleariy enhanced -secretase activttY at pH 
6.5 as expected but not at pH 4.5 (Figure 8). Thus, these data underiine that the neutral activity is different from 
BACE. 

In conchisioa these data are consistent with the above results (Example 8) and provide independent evidence 
about the existence of distinct -secretase activities in HEK293 cells. One actrvity preferentially acts at low pH and 
most likely represents BACE or a BACE related protein while the other ectivity appears distinct from BACE and 
operates at a more physiological pH. 
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EXAMPLE 10: Oifferentiai effect of StatVal inhibitor on low versus neutral pH Bctivfty 

We used the statine substrate analog inhibitor (statViI) that targets BACE (Sinha et at f^srure 402. 
537-540, 1 999) to determine its effect on the different -secretase activities described in Eiempte 8. Tm diff rem 
samplss were analyzed in the presence of the statVal inhibitor in the native substrate assay (Example 6-9). Fust the 
enzymeisubstrate complsi that contained APP751sw and second, the different pH pools separated from narve 
HEK2g3 cells that tacked the APP751sw substrate (Example 8). The assay was performed in both pH 4.5 and pH 6.5 
reaction buffers and in the case of the pH pools, exogenous APP75Uw substrate was supplemented m the reactions 
(Examples 6-9). 

The StatVal inhibitor was edded from a lOx stock at a final concentration of 20 ^M to 0 using 
threefold serial dilutions. Given the good solubility of the peptide inhibitor, aO serial dihitions generating the different 
lOx stocks were done in potassium phosphate reaction buffer. pH 6.5. in the absence of cardtoUpb. The reactions and 
the ELISA were performed as described. Figure 9A and B show response curves from statVal inhftition experiments 
performed in either pH 8.5 or pH 4.5 reaction buffers, respecthrely. Both the enzynnfsubstrate complex (complei) as 
weD as the reconstituted reaction (pH 4.5 pool) showed a pronounced parallel inhibition profile in the pH 4.5 reaction 
with an IC50 of 6.6 ^M (Figure 98). bi comrast. the pH 6.5 reaction was not significantly affected in either 
enzyme/substrate complex or the reconstituted reaction (Figure 9A). Only at 20 ^M, did we sea soma moderate 
effects but the (C50 for inhQiiting the neutral activity was deariy 20 mM. Rgure 10 shows the same effect on 
enzyme/substrate complex treated with the statine inh&itor between 10 ^M and 0 ^M in either pH 4.5 or pH 6.5 
reaction buffer (complex pH 4.5 versus complex pff 6.5). Again, as seen in Figure 9, the statVal inhbttor (fiscrtnunated 
against the two activities that had been detected and separated as deserved in Example 8. 

Thus, we provided additional evidence that these different -secretase activities are indeed distinct 
entities. They are separable according to their elution behavior from Q-KP Sepharose (Example 8) and they apparently 
show differential inhibition by the statVal inhibitor that was shown to target and bind BACE (Sinha et aL Nature 402, 
537-540, 1999). Thus, the pH 6.5 or neutral -secretase acthrity can be distinguished from BACE by two different 
criteria. 

EXAMPti 1 1: Determination of Molecular Weight of ^Secretase with pH optima at 4.5 or 6.5 

It is possible to determine the molecular weight of a protein mediating a specific biological function using 
racfiation rnactivation (Kemper Anat. Biochm, 276: 113 [19991; Kemper Treads in Biochem. Set. 16: 236 (19931). 
With radiation target analysis, biologically active samples are exposed at low temperature to high energy electrons. 
This ionizing radiation causes gross structural damage in the macromolecute and function is destroyed. The larger the 
mass of the protein, the more likely it will be destroyed. Determination of survhring activity after increasing radiation 
exposure permits estimates of the mass of the protein structwe needed (or the measured function since the rate of 
change is directly dependent on the mass. Only the primary molecular weight, not the secondary modifications, of a 



-25- 



wo 00/69262 



PCTAJSOO/13074 



protein responsihie far an activity H measured by radiation inactrvation. This calculated estimate is indapendent of 
other protein molecuies, hence, the protein of interest need not be pure: size estmtates have been routinely made in 
intact celU, tissues or aude samples. 

The motacuiar weight of the protein responsible for the activity at neutral pH present in the HEK293 human 
kidrtey fibroblasts membrane complex was estimated. HEK293 membranes were atrquoted into individuai vials, frozen 
to -130' C. and the aiiquots were subject to 12 different radiation doses, ranging from approiimatety 1 to 140 Mrad. 
High energy 10 MaV electrons were generated by a linear accelerator. After irradiation, the 12 vials containing the 
frozen irradiated HEK-293 membranes (6 mgfml protein) were opened and purged with compressad nitrogen. 
Membranes were thawed at room temperature and centrifuged at 14,000 rpm in a microcentrifuge for 25 minutes at 
4*C. Triton X-100 membrane protein extractions were made basically as outlined in Example 1-3. Supernatants were 
aspirated and the membrane pellets were resuspended and rehomogenized in Extraction Buffer (Q.3% Triton X-100 
freducadl 20 mM Tris, 5 mM EDTA. pH 8.5K Samples were shaken for 2 hours at 4'C. followed by another 14,000 
rpm cemrifugation for 25 minutes at 4* C. Supernatants (protein extracts) were removed and assayed for protein 
concentration. Sample extracts were stored at -80 * C. The sample extracts were thawed and diluted in Extraction 
Buffer to the desired stock protein concentration. These were then further diluted 1 to 20 in Complete Assay Buffer 
(0.02% Triton X-100 (reduced), 305 mM K^PO*, 195 mM KH^PQ,, 5 mM EDTA. pH 7 A 10 cardiolipin (Avanti 
Polar Lipids). Forty ^J was added to each weO of a 96-weS microplate (Costar). Twenty ^l of partially purified 
swAPP substrate, diluted to 1.05 ^g swAPP/mt in Complete Assay Buffer, was then added to the corresponding wefls 
and the reaction was allowed to proceed in a humidified incubator at 37" C for 24 hours. The reactions were assayed 
for ievet of P-NTF produced using the p-NTF EUSA as described in Examples 4 and 6. 

The activity based on P-NTF production remaining after irradiation of the frozen HEK293 membrane pellets 
was analyzed by target theory, yielding tha molecular weight of the functional unit Le., neutral pH activity. The 
probabitrty of particle collision with the target is described by the Potsson distribution: P(n) - (f*Kx"]n!'1 where n is 
the number of primary ionizations per molecule when z is the average number of collisions (hits). Since the only 
biological activity which remains after radiation is from molecules which have not been hit, i.e. for which n - 0, P(0) - 
(^•Xj[0)oi-1 . ^-x The average number of hits is therefore given by x - CT, where D is the radiation dose in rads (1 
rad - 100 ergs energy absorbed/gm matter). K 'lsa constant related to the mass of the peptide and also containing 
conversion factors to change units from ergs per gram to hits per dalton. The biological activity, Le., level of p-NTF 
generation, surviving after sample irradiation is expressed as a fraction of the activity in non radiated control samples. 
Since each hit in a biochemically active unit destroys that unit completely, the probability of no hits (obtained from the 
Poisson distribution) will also be the probability of surviving activity. Therefore, if a number of frozen samples are 
irradiated with varying doses, the fractional surviving activity is therefore A/Aq - temperature at which the 

samples were irradiated, -130* C. W - 1.792 x 1012^. Based on this calculation the estimated molecular weight of 
the protein responsible for the neutral pH activity in the HEK293 cell membrane complex is approximately 35.3 kOa. 
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Radiation inactivatton curvu for the HEK293 membrane cocnplsx are shown in Figure 11 Panel B. The calculated 
molecular weight of the neutral pH active prolan is significantly different from the pruficted size of mature BACL 51 
kDa, devoid of secondary post-translational moififications (Vasssr BtaL Sciance 265: 735 (19991) 

Repeated experiments produced similar values for the functional molecular weight of the neutral pH acthrity. 
Internal controls in these stuifies were proteins of known molecular weight inchnting yeast glucose-S-phosphate 
dehydrogenase IMW - 102.000: target size - 91,000) and alkaline phosphatase (MW - 57,337; target size - 
57.495). Each control sample yielded the predicted molecular weight 

To lurther demonstrate the molecular weight difference between mature RACE and the neutral pH active 
protein, irradiation inactrvation experiments were performed under conditions which should identify RACE. HEK293 
cell membrane extracts were prepared and irradiated as described above. The surviving activity present in the samples 
was essayed at pH 5.3 using the method of Sinha et ai \^atm 402: 537 [1999]) which employs a semi-synthettc 
substrate. This semi-synthetic substrate is a chimeric protein comprised of the maltose binding protein linked to the C- 
terminal 125 emino acids of pAPP (MBP-APPcl25sw). The geraration of the (VNTF equivalent product was 
measured in the treated versus control samples using an EUSA identical to that described by Sinha etafi^d^. Rased 
on irradiation tnactivation calculations, the molecular weight of the pK5.3 acthrity was calculated to be 57.9 kOa 
which is consistent with the molecular weight of RACE determined by amino add sequence. These data are shown in 
Figure 1 1 Panel A. 

The functional target size was determined in human brain samples using identical methodology. The neutral 
pH target size was found to be approximately 23.2 kOa as shown in Figure 12 Panel A. The target size for samples 
assayed under conditions for RACE (pH 5.3 using the semisynthetic substrate MBP-APPc125sw} resulted in a 
molacular weight of 60.0 kOa as shown in Figure 12 Panel B. From the human brain analysis, it is apparent that the 
neutral pH activity has a different molacular weight from RACE and is substantiaDy unique. 

While the present invention has been described with reference to the specific embodiments thereof, it should 
be understood by those skilled in the art that various changes may be made and equivalents may be substituted 
without departing from the true spirit and scope of the invention. In addhion. many modifications may be made to 
adapt a particular situation, material, composition of matter, process, process step or steps, to the objective, spirit end 
scope of the present invention. AD such modifications are intended to be within the scope of the claims appended 
hereto. 
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WHAT IS CLAIMED iS : 

1. A mfithod of identHytng a CDfnpound capable of altBring P-sscretase tcavrty. comprising the 

steps of: 

comacting a p-secretase enzyme having a pH optimum at about pH 6.5-7.0, and an estimated molecular 
weight of ebout 32-39 kDa as calculated from radiation inactlvation analysis of HEK293 celt membrane extracts, or 
about 20-26 kDa as calculated from radiation inactivation analysis of human brain samples, with a candidate 
compound; end 

monitoring the effect of the cendidate compound on the activity of said p-secretase enzyme. 

2. The method of daim 1 wherein said p-seaetase enzyme is contacted with said candidate 
compound in the presence of a P-amyloid precursor protein (APP). 

3. The method of claim 2 wherein said APP is human. 

4. The method of claim 3 wherein said APP is the 695-amino add isotype. 

5. The method of claim 3 wherein said APP contains the Swedish mutation. 

6. The method of daim 1 wherein said p-secretase enzyme is in isolated form. 

7. The method of claim 1 wherein said p-secretase oizyme is in immobtTized or cell bound 

form. 

8. The method of claim 1 wherein said P-secretase enzyme is contacted with a plurality of 
candidate compounds. 

9. The method of claim 2 wherein the ability of said candidate compound to alter p-secretase 
activity is monitored by determining the amount of an APP proteolytic product. 

1 Q. The method of claim 9 wherein said APP proteolytic product is pNTF. 

11. The method of daim 2 wherein said p-secretase enzyme is contacted with said candidate 

compound in the additional presence of a further p-secretase enzyme having a pH optimum at about pH 4.5-5.0 and an 
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BStimated molecular weight of about 50-60 kOa as calculated from radiation inacthration analysis of HEK293 cefl 
membrane emacts or human brain samfdes. 



12. The method of daim 1 wherein said candidate compound inhibits 3-secretase activity. 

13. The method of claim 11 wherein said candidate compound preferentially Inhifahs the 
activity of the p-secretase enzyme having a pH optimum at about pH 6.5-7.D. 

14. A method of identifying a compound characterized by an ability to alter APP/p-seaetase 



ectrvity. said method comprising the steps of: 

contacting an APPip-secretase mixture* isolated from membranes obtained from ceils expressing APP 
and a p-secretasCr with a candidate compound; and 

monitoring the effect of the candidate compound on p-secretase acthrity* 
wherein said APP/p-secretase mixture comprises a first P-secretasa enzyme having a pH optimum at about pH 6.5-7.0. 

15. Tha method of daim 14 whenrn said first p-secretase enzyme has an estinated molecular 
weight of about 32-39 kOa as calculated from radiation mactivation analysb of HEK233 cell membrane extracts. 

16. The method of daim 14 wherein said first p-secretase enzyme has an estimated motecular 
weight of about 20-26 kOa as caloilated from radiation inactivation analysis of human brain samples. 

17. The method of daim 14 further comprising a second p>$ecretase enzyme having a pH 
optimum at about pH 4.5-5.0. 

18. The method of daim 14 wherein said second p-secretase enzyme has an estimated 
molecular weight of about 50-60 kOa as calculated from radiation tnactivation analysis of HEIC2g3 call membrane 
extracts or human brain samples. 

19. The method of daim 14 wherein said camfidate compound b characterized by the ability to 
inhibit p-sacretsse ectnrity. 

20. The method of daim 19 wherein said candidate compound prefereitially inhibits the 
acthrity of said first p-secretasa enzyme. 
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21. The method of claim 19 wherein said candidate compound prelerentiatlv inbibits the 
actrvrty of said second P^secretase enzyme. 

22. The method of claim 14 wherein the effect of the candidate compound on p-secretase 
activity is monitored by determining levels of APP proteolytic products. 

23. The method of claim 22 wherein background levels of APP proteolytic products have basn 
removed prior to contact with the candidate compounl 

24. The method of daim 14, wherein the levels of APP proteolytic products are determined 
using an antibody thai recognizes a p-secretase-produced APP proteolytic product 

25. The method of claim 24 wherein the antibody selectively recognizes p-fHT. 

26. The method of claim 25 wherein the antibody is pAb AF-20. 

27. The method of claim 22 wherein before addition of the test compound, the APP/p-secretase 
mixture is exposed to an agent that alters p-secretase acthrity or stabilizes the detecuble p-secretase-produced APP 
proteotytrc products. 

28. The method of claim 27 wherein said agent enhances the level of p-secretase acthrity. 

29. The method of claim 28 wherein said agent is selected from the group consisting of 
can&oOpin, L-aphosphatidylserine and L-a-phosphatidylinositoL 

30. A method of identrfying a compound characterized by ttw ability to alter APP p-secretase 
acthrity, said method comprising the steps of: 

providing membranes from cells eipressing APP and a p-secretase; 

removing background leveb of APP p-secretase proteolytic products from said membranes; 

isolating APP/p-secretase matures from said membranes; 

contacting the APP/p-secretase mixtures with a compound; and 

determining levels of APP p-secretase proteolytic products; 
wherein said APP/p-secretase mixture comprises a first p-secretase enzyme having a pH optimum at about pH 6.5-7.0. 
and the level of APP proteolytic products is indicative of the effect of the compound on in mo p-secretase activity. 
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31. ThB method of claim 30 wherein said first P-seoetase enzyme has an estimated molecular 
weight of about 32-39 kOa as calculated from radiation iiuctivation anahrsis of HEK293 cell membrane ertracts. 

32. The method of datm 30 wherein said first p-secretase enzyme has an estimated molecular 
weight of about 20-26 kOa as calculated from radiation inactivation analysis of human brain samples. 

3X The method of claim 30 further comprising a second p-secrstase enzyme having i pH 

optimum at about pH 4.5-S.Q. 

34. The method of claim 33 wherein said second p-secretase enzyme has an estimated 
molecular weight of about 50-60 kDa as calculated from radiation inactivation analysis of HEK293 cell membrane 
extracts or human brain samples. 

35. The method of claim 30 wherein said candidate compound is characterized by the ability to 
inhibit fVsecreiase activity. 

36. The method of claim 35 wherein said candidate compound preferentially inhibits the 
activity of said first p-secretase eizyme. 

37. The method of claim 35 wherein said candidate compound preferentially inhibits the 
acthrity of said second p-sacretase enzyme. 

38. The method of claim 30, wherein the effect of said candidate compound is determined by 
comparing the effect with control APP/p-secretasa mixture not in contact vnth the compound. 

39. The method of claim 30. further comprising: 
treating the APP/p-secretase mixture to altar p-secretase activity. 

40. The method of daim 39, wherein the APP/p-secretese mixture is treated with a compound 
that increases P-secretase activity. 

41. The method of claim 40. wheram the compound that increases P-secretase acthrity is a 

phosphoiqiid. 
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42. The method of claim 41 wherein the phospholrpid is selected from the group consisting of 
cardtohpiiu L-a-phosphatidyUBrine and L-a-phosphatidylinositoL 

43. The method of ctatni 30. further comprising: 

treating the APP/p-secretase mixture with a compound that enhances P-NTF stabiiiiy. 

44. A method for reducing p-amyioid plaque formation in a subject comprising sdnvnistering a 
compound detennined to inhitnt (Vsecretasa acthrity in the method of claim 1 in an amount sufficient to reduce m mo 
APP p-SBcretase activitv. 

45. The method of claim 44, wherein said inhibition results in reduced reiease of P-amyloid 
peptide in brain tissue. 

46. Hie method of claim 44 wherein said inhibition results in decraased levels of N-terminal 
proteolysis of APP. 

47. The method of claim 44 wherein the p-secretasa activity is between 3% and 80% b^w 

normal 

48. The method of claim 45 wherein the p-amytoid release levels are 20-80% of normal 

43. The method of claim 44 wherein said compound preferentially inhibits the activity of a p- 

secretase enzyme having a pH optimum at about pH 6.5-7.0. 

50. The method of claim 44 wherein said candidate compound preferentially inhibits the 
activity of a P-secretasa enzyme having a pH optimum at about pH 4.5-5.0. 

51. As isolated p-secretase enzyme havmg a pH optsnum at about pH 6.5-7.0. and an 
estimated molecular weight of about 32-39 kOa as calculated from radiation inacttvation analysis of HEK293 cell 
membrane extracts, or about 20-26 kOa as calculated from radiation inactivation analysis of human brain samples. 

52. An APP/p-secretase mixture comprising a P-secretase enzyme having a pH optimum at 
about pH 6.5-7.0, and an estimated molecular weight of about 32-39 kOa as calculated from radiation inactivation 
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analysis of HEK293 cefl membrane enrscts, or about 20*26 kOa as calculated from radiation inactivation analysis of 
human brain samples. 

53. The mature of ctatm 52 further comprising a ^secretase enzyme having a pH optimum at 
about pH 4.5*5.0 and an estimated molecular weight of about 50-60 kOa as calculated from radiation inactivation 
analysis of HEK293 cell membrane extracts or human brain samples. 

54. An inhibitor of p-secretase enzyme adrvity identified by any of the methods of dainu 1. 14 

and 30. 

55. The inhibitor of dahn 53 prefereitially inhibitinB the activity of a p-secretase enzyme 
having a pH optimum at about pH 6.5-7.0. 

56. The inhibitor of daim 53 preferentially inhibittng the activity of a p>secretase enzyme 
having a pH optimum at about pH 4.5-5.0. 



-33- 



wo 00/69262 



PCT/USOO/13074 




wo 00/69263 



PCT/USOO/13074 



FIGURE 2 

2/13 




ost^ ao 



wo 00/69262 



PCTAJSOO/13074 



3/13 

FIGURE 3 
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FIGURE 4B 



5/13 



o « 

m 

s • s 

oSS 

« O O 

5 * 

O ID 



ill 



^ u u 




^ o 
o 



o 



— o 
o 




wo 00/69262 



PCTAJS0Qa3074 




wo 00/69262 



PCT/US00/J3074 



FIGURE 6A 
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pH profile of P -secretase activity in 
enzyme/substrate complex 
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Radiation Inactivation Curves of Proposed Distinct p -Secretase 
Enzymes Found in HEK-293 Detergent Extracts 



(A) BACE-like protein using MBP-APPc125sw as substrate at pH = 5.3 
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(B) "Sclos p-Secretase" using swAPP as substrate at pH = 7.0 
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Molecular Weight Determination of Human Brain 
p-Secretase Activitjes Using Radiation Inactivation 



A. Native Substrate Assay: 
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B. MBP-APPc125sw Assay: 
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